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[57] ABSTRACT

A cell synchronizing apparatus and method for syn-
chronizing the transmission and reception of a data train
between switching systems. The data train 1s sectioned
into a plurality of packeted data cells and synchroniza-
tion cells of equal fixed length. A synchronization pat-
tern 1s included in each synchronization cell. A time
position of the synchronization pattern is detected and
sequentially stored in a memory. Synchronization is
determined from the relative positional relationship

among time positions of equal value stored in the mem-
ory.
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CELL SYNCHRONIZING APPARATUS AND
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to packet transmission between
packet switching systems and more particularly to a cell
synchronizing apparatus and method for synchronizing
packet switching systems using a synchronization cell.

2. Description of the Related Art

FIG. 4 shows one example of the structure of a
packet switching system. In FIG. 4, a packet switching
system 100 includes terminal interfaces 11, 12 and 13; a
line interface.14; a controller 15; a control bus 16: and a
data bus 17. Similarly, a packet switching system 200
includes terminal interfaces 21, 22 and 23; a line inter-
face 24; a controller 25; a control bus 26; and a data bus
27. The packet switching systems 100 and 200 are con-
nected by lines 184 and 185. The packet switching sys-
tem 100 has terminals 31, 32 and 33 connected therewith
while the packet switching system 200 has terminals 41,
42 and 43 connected therewith.

In such arrangement, assume that, for example, tele-
phone communication is made between the terminals 31
and 41 using the switching systems 100 and 200. Data
transmitted by the terminal 31 1s assembled as a data
packet having a fixed length. namely, a data cell as
shown in FIG. 5(a), at the terminal interface 11 of the
switching system 100. The data cell 50 includes a desti-
nation address S1 and data 52. The address i1s added at
the terminal interface 11. The data cell 50 is delivered to
the line interface 14 via the data bus 17 of the switching
system 100 and then to the hine interface 24 of the called
switching system 200 through the line 18a. The line
interface 24 1s synchronized with the line interface 14
such that a data cell can be extracted from an incoming
tramn of data. In accordance with the destination address
51, the data cell extracted at the line interface 24 is sent
via the data bus 27 to the terminal interface 21 where
the data cell is transformed into a train of data, which is
sent to the terminal 41.

A synchronization cell is sent from the line interface
14 to the line interface 24 via the line 18a for cell syn-
chronmzation between the line interfaces 14 and 24. The
synchronization cell 60 includes a predetermined syn-
chronization pattern 61 as shown in FIG. 5(b). As seen
in F1G. §(b). synchronization cell 60 contains a single
- synchronization pattern 61 in a2 header portion of the
synchyronization cell. |

The synchronization cell(s) 60 is sent in such situa-
tions in which there is a time period during which no
data cell 50 1s sent as shown in FIG. 6(b) or after data
cells are sent successively for a predetermined interval
after the synchronization cell 60 is sent as shown in
F1G. 6(a).

The lhine interface 24 detects the synchronization
pattern of the synchronization cell to establish the cell
synchronization. A conventional cell synchronization
circuit has a structure as shown in FIG. 7. In FIG. 7, a
synchronization pattern detector 71 detects the syn-
chromzation pattern 61 contained in the synchroniza-
tion cell 60 from the received data D1 and outputs a
synchronization pattern detection signal S1 upon detec-
tion of the synchronization pattern 61, is then applied
through AND gates 72; 73 to a reset terminal R of a cell
iength counter 74 and has the effect of resetting counter
74. After being reset, the counter 74 is counted up by a
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clock CK and outputs a cell length count signal S2 each
time 1t counts clocks corresponding to the length of the
synchronization cell.

If the counter 74 1s reset at the position of a correct
synchronization pattern 61, the synchronization pattern
detection signal S1 and the cell length count signal S2
appear at the same timing, so that the signal S2 closes
AND gate 73 and no reset signal enters the counter 74.
When the synchronization pattern detector 71 detects a
predetermined number of successive synchronization
patterns 61 at their correct positions, a synchronization
protection unit 78 determines that synchronization is
correctly established at that position. At such time, unit
75 outputs gate signal S3 which is effective to close the
AND gate 72. That i1s, signal S3 has a logic value effec-
tive {0 prevent propagation of signal S1 through AND
gate 72. As a result, no synchronization pattern detec-
tion signal S11s applied through the AND gate 73 to the
reset terminal R of the counter 74 and hence the counter
74 1s not reset. The output of the synchronization pro-
tection unit 78 opens, i.e., renders conductive a NOR
gate 76 and the cell length count signal S2 from the
counter 74 is output as a synchronization signal SO0.

If the counter reset does not occur at the position of
the correct synchronization pattern , the timing at
which the cell length count signal S2 closes, i.e., renders
nonconductive, the AND gate 73 differs from the tim-
ing at which the reset signal appears and thus the
counter 74 1s again reset. That 1s, as seen in FIG. 7,
signal 82 1s inverted to prevent propagation of signal S1
through AND gate 73. These operations are repeated
until the counter 74 is reset at the position of the correct
synchronization pattern to thereby achieve the cell
synchronization.

In this arrangement, even if the counter 74 is reset at
the position of the correct synchronization pattern, a
situation may occur in which the synchronization pat-
tern detector 71 detects a synchronization pattern at a
position other than the position of the correct synchro-
nization pattern before the synchronization protection
unit 75 determines that synchronization is maintained
correctly at the position of the correct synchronization
pattern. In that situation, the synchronization pattern
detector 71 outputs the synchronization pattern detec-
tion signal S1 which will reset the counter 74 and the
synchronization protection unit 78 without being
blocked at the AND gate 73 by the cell length count
signal S2. Thus, the processes of the establishment of
synchronmization is required from the beginning. This
would undesirable increase at the time required for
established of synchronization.

An attempt could be made which increases the length
of bits used in the synchronization pattern to prevent
the detection of a synchronization pattern at a position
other than the position of the correct synchronization
pattern. However, this process only reduces the possi-
bility of detection of the synchronization pattern at a
position other than the position of the correct synchro-
nization pattern, but does not eliminate the possibility
completely.

As mentioned above, if the conventional cell syn-
chronization system detects a synchronization pattern
at a position other than the position of the correct syn-
chronization pattern during the transient interval from
an asynchronous state to the establishment of synchro-
nization, it resets the synchronization protection unit, so
that the establishment of synchronization is required
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from the beginning to thereby increase the time re-
quired for establishment of synchronization undesir-

ably.
SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
cell synchronization apparatus and method which pre-
vents an increase in the time required for establishment
of synchronization even if a synchronization pattern is

detected at a position other than the position of the
correct synchronization pattern.

In the order to achieve the above object, according to
the present invention, there is provided a cell synchro-
nization apparatus which transmits between packet
switching systems a plurality of data cells having any
fixed length and constituting a train of data and syn-
chronmization cells, each synchromzation cell compris-
ing a synchronization pattern. In the apparatus, a syn-
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chronization pattern is detected from a received train

cells. The time position when the synchronization pat-
tern 1s extracted is stored in a memory at that time. The
establishment of synchronization is detected from the
relative positional relationship between the time posi-
tions thus stored sequentially in the memory.

Thus, according to the present invention, even if a
synchronization pattern is detected at a position other
than the position of the correct synchronization pattern,
establishment of synchronization is brought about with-
out resetting the synchronization protection unit to
thereby prevent a time required for establishment of
synchronization from increasing unnecessanly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a circuit diagram of one embodiment of the
present invention:;

FIG. 215 a flowchart indicative of the operation of
the embodiment;

F1G. 3 illustrates the operation of the embodiment;

FIG. 415 a block diagram of packet switching sytems;

FI1G. 5 shows a data format indicative of one example
of a data cell and a synchronization cells:

FIG. 61s a view of an illustrative inserted synchroni-
zation cell; and

F1G. 7 1s a circuit diagram of a conventional synchro-
nization detector.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FI1G. 1 shows one embodiment of a synchronization
circuit to which a cell synchronization apparatus and
~method according to the present invention is appled.
The synchronization circuit corresponds to the conven-
tional synchronization circuit of FIG. 7 and is provided,
for example, in line interfaces 14, 24 of Flg. 4. In FIG.
1, a synchronization pattern detector 81 detects the
synchromization pattern 61 in synchronization cell 60
from data D1 received through a line 182 or 184 and
outputs a synchronization pattern detection signal S1 at
the timing of detection of each synchronization pattern.
The signal S1 i1s applied to an address managing unit 82
which manages the addresses in memory 83 to be de-
scribed next and outputs address data D2 which desig-
nates a predetermined address which, for example, in-
crements each time the unit 82 receives a synchroniza-
tion pattern detection signal S1.

The memory 83 sequentially wnites the counts or data
D3 output by a cell length counter 84 at addresses desig-
nated by address data D2 from the address managing
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unit 82. The counter 84 1s driven by a clock CK and
returns to its initial value when 1t counts up 10 a value
corresponding to the length of a cell and then restarts to
count. It repeats such operation.

Therefore, the count of the cell length counter 84 is
written 1nto the memory 83 at the timing when the
synchronization pattern detector 81 detects the syn-
chronization pattern 61 and generates a synchronization
pattern signal S1. If the timing (time position) when the

synchronization pattern 61 i1s detected coincides with
the position of the correct synchronization pattern, the

same value 1s written into each successive address in the
memory 83 as generated by unit 82. If otherwise, a value
written 1nto one location of the memory differs from a
value written 1into another location. However, if cell
synchronization is maintained, the value corresponding
to the correct synchronization pattern ts again written
Into memory at the iming when the next synchroniza-
tion pattern 61 is detected.

FIG. 3 shows such situation. In FIG. 3, X, X+41,
X+2.X4+3 X+4...show successive pieces of address
data D2 from the address managing unit 82 and M, M,
K, M, M ... show the counts of the cell length counter
84, namely, pieces of data D3. In the data D3, for exam-
ple, the timing of M corresponds to a correct detection
of a synchronization pattern while the timing of K cor-
responds 10 an incorrect detection of a pattern.

In the particular embodiment, arrangement is such
that if at least a predetermined number of the same
values of data D3 are written into memory 83, the syn-
chronization position detector 85 of the next stage de-
termines that synchronization is established. This does
not imply that at least a predetermined number of the
same values appears successively. Even if a different
value of data D3 appears due to incorrect detection of a
synchronization pattern, the detector 85 does not imme-
diately determine that synchronization is out of order.
Detector 85 determines that synchronization is estab-
lished 1f the predetermined number or more of the same
values appears as a result without the requirement that
the predetermined number of same values of D3 occur
successively. For example, as shown in FIG. 3, if a
predetermined number or more of Ms corresponding to
the correct synchronization patterns 61 is detected, the
detector 85 determines that synchronization is estab-
lished even if, for example, K corresponding to an in-
correct synchronization pattern intervenes between any
adjacent Ms.

The synchronization position detector 85 receives as
data D4 the counts of the cell length counter 84 written
in the memory 83 determines whether synchronization
is established on the basis of the data D4. One example
of determination of the detector 85 is shown as a flow-
chart in FIG. 2 in which the value n is first reset to O
(step 91). Then 1t 1s checked whether new address data
piece is received (step 92). If so, it is checked whether
the new data is the same as the last data piece (step 93).
If so, the same counts of the cell length counter are
determined as being written successively into the mem-
ory 83 and the value n 1s incremented by one to become
a new value n (step 95). In this case, the value n be-
comes O+ 1=1.

If it 1s determined that the new data piece is not the
same as the last one at step 93, it is checked whether the
received data piece is the same as the data piece before
the last data piece (step 94). If the new data piece differs
also from the data piece before the last data piece, exe-
cution returns to step 91 1o reset the value n and restarts
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from the beginning. While a value different from the
last one 1s written 1nto the memory 83 if the new data
piece is determined to be the same as the data piece
before the last data piece at step 94, the new data piece
1s determined as having the sameness as the data piece
before the last data piece and execution passes to step 95
where the value n 1s incremented by one {0 become a
new value n.

It 1s then checked whether the value n has arrived at
a preset value N, for example, of 5 (n=N) (step 96). If
n= N does not hold, execution returns to step 92, which
1s repeated until n= N holds at step 96.

If n=N holds at step 96. it i1s determined that cell
synchronization is established and data indicative of
synchronization position, namely, data indicative of the
count of the cell length counter 84 written into the
memory 83 and corresponding to the position of the
correct synchronization pattern 1s sent as data D3 (step
97).

Referring again to FI1G. 1, synchronization position
data DS output from the synchronization position de-
tector 85 after establishment of synchronization 15 ap-
plied to the synchronization signal generator 86 so as to
be set in the generator.

The synchronization signal generator 86 receives
data D3 from the cell length counter 84. When the
synchronization posttion data D3 is set, the output data
DS 1s compared with the output data D3 from the
counter 84. Each time both coincide, a synchronization
signal SO 15 output.

According to such arrangement, extraction of syn-
chronization patterns at successive positions of correct
synchronization patterns is not a necessary condition
for the estabhishment of synchronization. If a predeter-
mined number of the same values set for the synchroni-
zation protection s detected, establishment of synchro-
nization is attained, so that a time required for establish-
ment of synchronization does not increase unnecessar-
1ly. |

While 1n the flowchart of FIG. 2 arrangement 1s such
that 1t 1s checked whether the new data piece coincides
with the last data piece or the data piece before the last
data piece, arrangement may be such that if there is a
probability that two or more incorrect synchronization
patterns will be detected between the detection of a
correct synchronization pattern and the detection of the
next correct synchronization pattern, it 1s checked
whether the new data coincides with the data piece two
or more before the last data piece.

Alternatively, arrangement may be such that if a
number of the same counter values equal to or larger
than a predetermined number are written into the mem-

ory 83 in a predetermined time, i1t 1s determined that

synchronization is established.

What is claimed is:

1. A cell synchronizing apparatus in a packet switch-
ing system for transmitting and receiving a train of cells,
said train composed of data cells of a fixed length in-
cluding data to be transmitted and at least one synchro-
nization cell having the same length as the data cells of
the fixed length and including a synchronization pat-
tern, said synchronization pattern having a pattern
length, the synchronization cell being inserted between
the data cells of the fixed length, said apparatus com-
prising:

means for detecting the synchronization pattern of

the synchronization cell in a received cell train;
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6

counter means for repeatedly outputting sequentially
changing values of numeral data in a period corre-
sponding to the fixed length of the synchronization
cell;

memory means for storing said values of the numeral

data outputted from the counter means each time
the synchronization pattern 1s detected by the syn-
chronization pattern detecting means; and

synchronization detecting means for generating a

synchronization timing when the number of nu-
meral data having equal values stored in the mem-
ory means is at least a predetermined number.

2. A cell synchronizing apparatus according to claim
1, wherein the counter means counts a clock signal
having a predetermined frequency, returns to its initial
value when a count value of the counter means arrives
at a value corresponding to the fixed length of the syn-
chronization cell, and counts the clock signal again,
whereby the counter means performs its counting oper-
ation repeatedly.

3. A cell synchronizing apparatus according to claim
2, wherein said values of the numeral data outputted
from the counter means are count values of the counter
means, and said memory means stores said count values
at successive addresses each time the synchronization
pattern detecting means detects the synchronization
pattern. |

4. A cell synchronizing apparatus according to claim
3, wherein the synchromzation detecting means incre-
ments an index by one when the value stored in the
memory means coincides with a value stored in an 1m-
mediately preceding address 1n the memory means or a
value stored 1n an address in the memory means one
before the immediately preceding address and said syn-
chronization detecting means detects the detection tim-
ing of the synchronization pattern detecting means as
the synchronization timing when a current value of the
index arrives at a predetermined number.

5. A cell synchronizing method in a packet switching
system for transmitting and receiving a train of cells,
said train of cells composed of data cells of a fixed
length including data to be transmitted and at least one
svnchronization cell having the same length as the data
cells of the fixed length and including a synchronization
pattern, said synchronization pattern having a pattern
length, the synchronization cell being inserted between
the data cells of the fixed length, comprising the steps
of:

detecting the synchronization pattern of the synchro-

nization cell from a recetved cell train;

repeatedly outputting sequentially changing values of

numeral data in a period corresponding to the fixed
length of the synchronization cell;
sequentially storing said values of the numeral data
outputted in the repeatedly outputting step each
time the synchronization pattern is detected in the
synchronization pattern detecting step; and

incrementing an index when the value of numeral
data stored in a current storing step coincides with
the value of numeral data stored in an immediately
previous storing step or the value of numeral data
stored in the storing step preceding the immedi-
ately previous storing step; and

outputting a detection timing in response to the de-

tecting step as a synchronization timing when the

index arrives at a predetermined number.
*x ®x % =% %
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